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Abstract
ZO-1 is a multidomain protein involved in cell-cell junctions and contains three PDZ domains, which
are necessary for its function in vivo. PDZ domains play a central role in assembling diverse protein
complexes through their ability to recognize short peptide motifs on other proteins. We determined
the structure of the second of the three PDZ domains of ZO-1, which is known to promote
dimerization as well as bind to C-terminal sequences on connexins. The dimer is stabilized by
extensive symmetrical domain swapping of β-strands, which is unlike any other known mechanism
of PDZ dimerization. The canonical peptide-binding groove remains intact in both subunits of the
PDZ2 dimer and is created by elements contributed from both monomers. This unique structure
reveals an additional example of how PDZ domains dimerize and has multiple implications for both
peptide binding and oligomerization in vivo.
PDZ (PSD-95/Discs Large/zonula occludens-1) domains are modular protein-binding motifs
that are found in bacteria, plants, and animals. They play a key role in scaffolding protein
complexes through their ability to recognize short polypeptide motifs on other proteins and in
some cases their ability to crosslink through dimerization. Although found in proteins with
functions as diverse as cell signaling, cytoskeletal structure, cell polarity, and trafficking, many
PDZ proteins are associated with the plasma membrane, where they mediate the assembly of
specific subcellular domains like synapses and cell-cell junctions (reviewed in Ref. 1). Thus,
the mechanisms for peptide binding and dimerization of PDZ domains have important
implications for several fields.
Although quite diverse at the primary sequence level, >150 known PDZ domain structures all
share a conserved globular cluster of 5–6 β-strands and 1–2 α-helices (2). Peptide binding is
mediated by a surface groove formed by an antiparallel β-strand (β2) and α-helix (α2) ((2) and
reviewed in (3)). The majority of PDZ domain ligands are C-terminal peptides, which lie in
this surface groove and form main chain interactions with α2 and β2. These interactions are
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highly specific and dependent on the terminal 3–4 amino acids of the peptide ligand (4).
However, other residues within the ligand may also contribute to the specificity and affinity
of the PDZ-ligand interaction (5). In addition, other binding modalities have also been
characterized. For example, some PDZ domains can bind to internal peptide sequences or
phosphoinositides (6–8). Finally, a limited number of PDZ domains can directly bind another
PDZ domain to form homo- and hetero-oligomers (9–12). In contrast to the conserved
mechanism of C-terminal peptide binding, there exist several distinct mechanisms for
dimerization.
PDZ domains are particularly important in the organization of cellular tight junctions (TJ).3
Tight junctions form the paracellular barrier to the movement of ions, macromolecules, and
cells across both endothelia and epithelia (13). Although several different classes of PDZ
proteins are localized at the tight junction, the most directly relevant to TJ assembly and
homeostasis are the zonula occludens (ZO) proteins ZO-1, -2, and -3. These proteins are
members of the MAGUK (membrane-associated guanylate kinase) family, and all share a
conserved set of protein- binding domains that includes three PDZ domains, an SH3 domain,
and a region of homology to guanylate kinase (14) (Fig. 1A). The three PDZ domains are
necessary for tight junction strand assembly (15), and ZO-1 polypeptides lacking PDZ1–3
cannot support TJ assembly in ZO-1 knockdown cells (16). The PDZ domains also appear to
be an important component of signaling mechanisms at cell-cell contacts because
overexpression of ZO-1 transgenes, encoding only the three PDZ domains, is sufficient to
activate β catenin signaling and trigger an epithelial to mesenchymal transformation in cultured
epithelial cells (17,18). Thus, PDZ domains seem to serve dual role in cell signaling and
structural properties of the ZO proteins.
The functional role of the PDZ domains of the ZO proteins in these cellular processes is not
clear, although it is most likely because of the fact that they bind to many of the known structural
and signaling components of the tight junction. For example, the first PDZ domain (PDZ1)
binds to both the claudin transmembrane proteins that form the intercellular barrier and to the
signaling molecule ARVCF (19,20), whereas PDZ3 binds to the TJ cell adhesion molecule
JAM (junction adhesion molecule) and phospholipase Cβ(21,22). Interestingly, the second
PDZ domain appears to serve dual binding functions. It is necessary for homo- and hetero-
oligomerization of the ZO proteins (12,23), and it also binds to the C-terminal cytoplasmic
domain of several gap junction-forming connexins (reviewed in (24)). Thus, we hypothesize
that PDZ domains form the structural core that underlies the scaffolding and signaling
properties of ZO proteins.
To better understand the structural basis for the role of PDZ2 in cell signaling and tight junction
assembly we have solved the crystal structure of the ZO-1 PDZ2 homodimer (78 residues/
monomer). The observed dimer is formed by a β-strand exchange mechanism that is unique
among the known PDZ structures and which suggests that ZO protein dimers are
extraordinarily stable. Although the predicted peptide-binding groove is not complete in a
single PDZ monomer, it is reconstituted in the dimer by a β-strand from one molecule and a
α-helix of the second. This unique structure reveals an additional example of how PDZ domains
dimerize and has multiple implications for both peptide binding and oligomerization in vivo.
3The abbreviations used are: TJ, tight junctions; ZO, zonula occludens; SH3, Src homology 3; nNOS, nitric– oxide synthase; GRIP,
glutamate receptor-interacting protein; Cx, connexin.
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Cloning of ZO-1 PDZ2
The cDNA sequence encoding amino acids 186–262 of human ZO-1 was amplified using Taq
polymerase (Promega, Madison, WI) and subcloned into the BamHI/EcoRI sites of pGEX-2T
(GE Healthcare) with a stop codon following residue 162. Both strands of the resulting cDNA
insert were sequenced to confirm accuracy of amplification.
Expression, Purification, and Crystallization of the ZO-1 PDZ2 Domains
The pGEX-2T vector carrying the gene for PDZ2 was transformed into Escherichia coli
DH5α cells. Cells were grown at 25 °C in 2YT medium to an absorbance of 0.8, induced with
0.1 mM isopropyl β-D-1-thiogalactopyranoside, and allowed to continue growing for additional
16 h. Harvested cells were lysed by sonication and loaded onto a GST-Sepharose column (GE
Healthcare). Following elution with glutathione, the fusion protein was cleaved by thrombin.
The PDZ2 dimer was further purified on a S75 gel filtration column pre-equilibrated with 50
mM Tris/HCl, pH 7.5, 500 mM NaCl. The PDZ2 domain peak eluted at a volume consistent with
the size of a dimer. The protein was concentrated to 4 mg/ml and directly used for crystallization
screening using the NeXtal pre-formulated solution. A hit in the JCSG+ suite gave diffraction
quality at the following condition: 0.1 M phosphate-citrate, pH 4.2, and 40% v/v polyethylene
glycol 300. Crystals grew as cluster of very thin but large plates.
Data Collection, Structure Solution, and Refinement
Diffraction data to 1.7 Å resolution were collected at the Southeast Regional Collaborative
Access Team ID beamline at the Advanced Photon Source (wavelength, 1.0 Å; temperature,
100 K). The mother liquor served as cryoprotectant so that crystals were picked directly from
the drop and plunged into liquid nitrogen. Although the crystals diffracted to a very high
resolution, the diffraction pattern revealed, at certain orientation, some very elongated spots
and split spots. We interpret this to be because of the physical dimensions of the crystals (150
× 400 × 20 microns) and/or to a certain degree because of layering. Processing was
accomplished with XDS (25).
The structure was solved using the molecular replacement method using Phaser (26). We tested
numerous known PDZ structures as search models. In each case, we truncated the structure to
where sequence alignment indicated similarity. Only one of the tested models (Protein Data
Bank code 1WJL; converted to a poly-alanine model and truncated to 53 C-terminal residues)
gave a single solution. The high resolution of our data allowed the automatic model tracing
program Arp (27) to extend the model nearly to the entire molecule and dock the ZO-1 PDZ2
sequence. This initial model was subjected to several cycles of manual model adjustment
usingO(28) and refinement with REFMAC (29).
The final model (Rwork = 20.9%/Rfree = 25.8%) has all residues in the allowed portion of the
Ramachandran plot. The accuracy of our model was verified by simulated annealing omit maps
calculated with Crystallography & NMR System; see supplemental Fig. S2 (30). For a plot of
average B-factor versus residue number, see Fig. S3.
Data collection and refinement statistics are presented in Table 1. The coordinates have been
deposited in the Protein Data Bank with accession code 2RCZ.
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Structure Determination and Overall Fold of the ZO-1 PDZ2 Domain
The structure of the ZO-1 PDZ2 domain was solved to 1.7 Å resolution using the molecular
replacement method. The challenge here was that a BLAST analysis revealed no known PDZ
domain that possessed high sequence similarity to the ZO-1 PDZ2 sequence, except for the
corresponding domains for ZO-2 and -3, which had not been solved. In addition, we speculated
that the dimerization of this domain, a fact revealed by our previous studies (12,23), might also
make the molecular replacement process more complex. We decided on strategy that selects
only the core of PDZ domains as search models. Numerous models were input into the
molecular replacement program Phaser, and only one (Protein Data Bank code 1WJL) gave a
unique solution. This partial model was sufficient as input into the automatic rebuilding
program Arp (31) to allow nearly complete tracing of the dimer. After several rounds of manual
model building and refinement, the R-factors converged to Rwork = 20.9% and Rfree = 25.8%
(Table 1).
Homodimerization (10,11) and heterodimerization (9) of PDZ domains have been previously
observed, but are the exception although majority of PDZ domains are monomeric. In all of
the previously observed dimers the overall fold of each PDZ monomer remained intact. In
sharp contrast, in ZO-1 PDZ2 we observe a domainswapped dimer. A ribbon diagram of a
monomer of PDZ2 is shown in Fig. 1B. The N-terminal portion, that includes strands β1 and
β2, is not part of the core PDZ fold of this molecule. In fact, these segments complete the PDZ
fold of the neighboring molecule and vice versa (Fig. 1C).
To gain insight into the ramifications of domain swapping of strands β1 and β2 on the PDZ-
fold we compared the dimeric ZO-1 PDZ2 to the previously published monomeric structure
of ZO-1 PDZ1 (Protein Data Bank code 2H2B) (32). The overlay of PDZ1 onto PDZ2 reveals
a very good superposition of secondary structure elements. Strand β1 of PDZ1 is basically at
the same position as strand β1 of PDZ2 (Fig. 2A, arrow 1). Likewise, strand β2 of PDZ1 is
aligned with strand β2 of PDZ2 (Fig. 2A, arrow 2). In the canonical PDZ-fold as observed in
the ZO-1 PDZ1 domain, strand β2 is followed by a loop that turns ~ 180°, which enables the
following sequence to form the antiparallel strand β3 (Fig. 2A, green elements). In contrast, in
ZO-1 PDZ2 strand β2 continues in the same direction, away from the core of the first PDZ
molecule. The longer β2 directly connects to a short β3, which starts the core of the second
PDZ molecule. Topology diagrams in Fig. 2, B (PDZ2) and C (PDZ1) illustrate the change in
folding pattern that occurs upon domain swapping of strands β2 and β3.
In the case of the PDZ2 domain of ZO-1, strand β3 is followed by a short helix (α1) (Fig.
2B), which is missing in the ZO-1 PDZ1 domain (C). This difference is not related to the
domain-swapping event, and the presence or absence of this helix is a common variation
between many different PDZ domains.
Inspection of the primary sequence of ZO proteins suggests an explanation for the unique
topology observed in PDZ2. Most PDZ sequences include several residues that form a loop
that connects strand β2 to strand β3 (Fig. 2D and supplemental Fig. S1A). In some instances,
as in the case of ZO-1 PDZ1, this region can be rather large (Fig. 2D, bottom) and forms a long
loop that connects the two strands (32) (this segment is even longer in the Shank1 (10) PDZ
domain). Some PDZ domains have a shorter sequence to connect the two strands, for example,
PDZ6 of GRIP1 (11). In contrast, this region is completely missing from PDZ2 sequences in
ZO-1, -2, and -3 proteins. We propose that it is the lack of these residues that induces the
continuation of β2 in the same direction.
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We analyzed the sequences of PDZ domains in this region so that we could predict additional
PDZ domains that may undergo domain swapping. We discovered that in fact the sequence of
ZO PDZ2 domains had the largest deletion between β2 and β3 of any of the recorded sequences.
Interestingly, the PDZ2 domain of APBA1 (also known as X11/MINT) contains a deletion of
the same magnitude as the ZO-1 PDZ2 sequence. However, the NMR structure of this domain
(Protein Data Bank code 1U39) reveals a monomeric PDZ domain (33), albeit with a rather
short β2 and β3 strands, which are connected by a tight turn. Likewise, the second PDZ domain
of SDCB1 (syntenin-1) is monomeric (34), despite having acomparable deletion in this region
in comparison to ZO-1 PDZ2. Notably, both in the case of APBA1 and SDCB1, a glycine
residue, which is a common feature of hairpin loops, is present in the sequence connecting β2
to β3 (Fig. 2D). In contrast, the corresponding residue in PDZ2 domains is either a histidine
or a glutamine. This suggests that although deletion of residues at the region that typically
connects strands 2 and 3 is required for domain swapping to occur, it is not sufficient, and other
factors such as lack of a glycine residue in this region are important.
The Domain-swapped Dimer Is Stabilized by Extensive Interactions
Our previous work demonstrated a very high affinity interaction between ZO-1 PDZ2 domains
(12). Analysis of the monomer-monomer interactions indicates that dimerization is maintained
by numerous interactions between antiparallel strands contributed by the two monomers.
Strand β1 of one monomer interacts with strand β6 of the other monomer (for a total of six
interactions; Fig. 3A, bottom right), and a segment of strand β2 interacts with strand β3 (four
interactions; Fig. 3A, bottom left) and the remainder of strand β2 with its symmetrical partner
from the second monomer (2 × 3 interactions; Fig. 3A, top left). The total number of hydrogen
bonds built by the dimmer-forming antiparallel strands is 26.
In addition to these polar interactions, hydrophobic forces play a major role in dimer
stabilization. Hydrophobic residues donated by one molecule bury hydrophobic side chains
present in strands β1 and β2 of the other molecule (Fig. 3B). We conclude that dimerization is
of very high affinity with essentially no monomer present in the cell. This is consistent with
our previous equilibrium centrifugation studies of pure ZO-1, which failed to detect monomers
(12).
Based on sequence homology (see supplemental Fig. S1B) we predict that both ZO-2 and -3
will likewise form domain-swapped PDZ dimers. Gel filtration experiments performed with
the PDZ2 domain of ZO-2 showed an elution volume consistent with a dimeric protein (data
not shown).
Homodimerization Versus Heterodimerization of ZO proteins
Co-immunoprecipitation studies suggest that in addition to homodimers, ZO-1 can also form
heteromultimers with ZO-2 and -3 (35), and that the PDZ2 domain of each of these proteins
is required for this interaction (23,36). These observations suggest that the strand-exchange
mechanism may also regulate the formation of heteromultimers in vivo. Interestingly, the same
studies have also demonstrated that ZO-2 does not form multimers with ZO-3 (35). The
structural basis for this observation is not obvious and cannot be rationalized from the sequence
and structural information detailed here; the overall homology between the domains in ZO-1,
-2, and -3 is very high (supplemental Fig. S1B), and there are no obvious differences in critical
residues involved in strand exchange. Thus, we propose that other regions within the ZO
polypeptides may also promote heteromultimerization in vivo.
Comparing Mechanisms of PDZ Dimerization
As mentioned previously, PDZ domains have been observed to form both homodimers and
heterodimers. An example of the latter is the interaction between the PDZ domains of neuronal
Fanning et al. Page 5













nitricoxide synthase (nNOS) with syntrophin. In this case, heterodimerization is mediated by
residues in nNOS that follow the canonical PDZ sequence and form what has been termed a
“β-finger” (9). The β-finger of nNOS inserts into the peptide-binding groove of the syntrophin
PDZ domain. The primary sequence of residues that follow the ZO-1 PDZ2 domain are not
similar to those that build the β-finger of nNOS; we predicted at the onset of our work that
dimerization of the ZO-1 PDZ2 domains follows a different mechanism.
Homodimerization of PDZ domains was first detected in the PDZ domain of the glutamate
receptor-interacting protein GRIP) (11). The dimerization interface stabilizing the GRIP1
dimer is much less extensive than that present in ZO-1 PDZ2 (Fig. 4A). Key to GRIP1
dimerization is an antiparallel orientation between strands β1 of the molecules forming the
dimer (Fig. 4B). Shortly thereafter, dimerization of the PDZ domain of Shank1 is reported
(10). Here too dimerization was predominantly mediated by strands β1 (Fig. 4C). Interestingly,
in the three known cases of PDZ homodimerization (i.e. ZO-1 PDZ2, GRIP1-PDZ6, and
Shank1 PDZ), the relative orientation of the monomers is different. Fig. 4D presents an overlay
of the three dimers that is prepared by calculating the superpositioning matrix using only
residues in the boxed molecule. These molecules overlay well between the structures. In
contrast, the molecule completing the dimer is oriented differently in each case. Even for the
PDZ domains that homodimerize largely because β1-β1 interactions, the orientation is very
different. Because these domains are parts of multidomain proteins involved in recruiting other
protein partners, it is likely that each orientation is optimized to accommodate the other parts
of the molecule and those of its particular binding protein.
Implications of Dimerization for Ligand Binding
One highly conserved function of PDZ domains is to bind to short peptide sequences at the C
terminus of transmembrane proteins. Notably, inspection of the ZO-1 PDZ2 dimer structure
suggests that the peptide-binding groove of the domain-swapped PDZ2 is not obstructed. This
has important consequences for ZO-1 function, since the PDZ2 domain of ZO-1 has been
reported to bind to several of the gap junction-forming connexin (Cx) proteins (e.g. Cx43
(37); Cx45 (38); Cx47 (39)). ZO-1 binding to at least one connexin, Cx43, is required for
phospholipase C-mediated regulation of gap junction signaling (22) and has been further
implicated in the regulation of connexin 43 gap junction organization (40). The PDZ2 domain
is therefore predicted to elicit a clustering of connexin 43 molecules by having two adjacent
binding sites on the domain-swapped PDZ2.
Interestingly, for both ZO-1 (41) and ZO-2 (37) PDZ2 domain binding to Cx43, it was observed
that this protein-protein interaction is not only dependent on the most C-terminal Cx 43 residues
(as is the case for the canonical binding of proteins to PDZ domains), but that a region
encompassing approximately 20 C-terminal residues is also involved in this interaction. As
expected, sequence alignment of the C-terminal portion of several connexins shows sequence
conservation at the terminal residues that would form the canonical PDZ interaction (Fig. 5A,
gray shaded residues). However, a patch of four residues N-terminal to this sequence that is
highly conserved is striking (Fig. 5A, black shaded residues). To understand how these residues
could play a role in Cx43-PDZ2 interaction, we modeled the canonical PDZ-binding residues
of Cx43 into our ZO-1 PDZ2 structure (arrows, Fig. 5B). As mentioned before, two Cx43 C-
terminal regions (Fig. 5B, yellow strands) would bind, one to each of the PDZ2 monomers.
This binding would be in an antiparallel fashion. Our modeling suggests that residues N-
terminal to the canonical PDZ interaction sequence (i.e. the last four amino acids) would extend
to the neighboring PDZ2 molecule. In other words, both PDZ2 domains are predicted to
participate in the binding of each Cx43 C-terminal peptide and by sequence analogy (Fig.
5A) to other connexins such as Cx40, Cx45, and Cx47. Moreover, this model suggests that
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surface residues on the ZO proteins can play a role in the selectivity of binding of connexins
to PDZ2 domains. Experiments to test this model are underway.
In conclusion, the structure of the PDZ2 dimer of ZO-1 reveals a form of domain swapping
unique among PDZ domains. Dimerization is based on extensive exchange of β-strand
interactions. The dimeric nature of PDZ2 rationalizes the unique binding determinants of
several connexin proteins to this domain, implicating both molecules in the dimer as forming
the connexin-PDZ2 interaction surface.
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FIGURE 1. The second PDZ module of ZO-1 forms a domain-swapped dimer
A, shown schematically is the modular arrangement of the MAGUK ZO-1. The unique regions
5 and 6 are labeled U5 and U6, respectively. B, a ribbon diagram of a ZO-1 PDZ2 monomer
in blue with the secondary structure labeled. The N and C termini are marked with N and C,
respectively. C, stereo view of a ZO-1 PDZ2 domain-swapped dimer. One monomer is depicted
in blue and the other in red.
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FIGURE 2. The ZO-1 PDZ2 domain maintains the canonical PDZ-fold, but with elements from
both monomers
A, overlay of ZO-1 PDZ2 and ZO-1 PDZ1 (Protein Data Bank code 2H2B). One monomer of
the PDZ2 dimer is depicted in blue and the other in red. The ZO-1 PDZ1 domain is in green.
The ligand bound to the ZO-1 PDZ1 domain is depicted as a yellow strand. The overlay shows
a good fit between the PDZ1 and PDZ2 domains, albeit in the case of PDZ2, the structural
elements are contributed by both molecules. Arrow 1 points at strand β1, and arrow 2 at strand
β2. Importantly, despite the domain swapping that occurs in ZO-1 PDZ2, the peptide-binding
grove of this module is not affected. The region where domain swapping commences is
magnified. B and C, topology diagrams of ZO-1 PDZ2 and ZO-1 PDZ1, respectively. Color
scheme as in A. D, amino acid sequence alignment of the N-terminal region of PDZ domains
from ZO-1, -2, and -3 PDZ2; APBA1-PDZ2 (myeloid β A4 precursor protein-binding family
A member 1); SDCB1- PDZ2 (syntenin-1); SIPA1-PDZ (signal-induced proliferation-
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associated protein 1); ZO-1-PDZ3; GRIP1-PDZ6; ZO-1-PDZ1; and Shank1-PDZ (SH3 and
multiple ankyrin repeat domains protein 1). All sequences are of the human proteins and were
aligned using ClustalW. The secondary structural elements for ZO-1 PDZ2 and PDZ1 are
shown above their respective sequences. The secondary structure of APBA1, SDCB1, GRIP1,
and Shank1 PDZ domains resemble that of ZO-1 PDZ1. DS-dimer, domain-swapped dimer.
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FIGURE 3. The intermonomer interactions of ZO-1 PDZ2 are comprehensive and are mainly
mediated by antiparallel strands
A, a detailed representation of the three regions of interaction. On the bottom right, the
interactions between β1 of one monomer and β6 of the other are shown. Likewise, interactions
are shown on the bottom left, between a section of β2 and β3 and top left, between β2 of one
monomer and its symmetrical segment from the second monomer. Only half of the total
interactions per dimer are shown; a corresponding half is formed in the other part of the dimer.
B, hydrophobic side chains from strands β1 and β2 of one molecule blue) are buried by residues
from the complementary molecule (red). For clarity only the relevant parts of each molecule
are displayed. Two views related by a 90° rotation are shown.
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FIGURE 4. Homodimerization in PDZ domains
A, the ZO-1 PDZ2 dimer is shown with one monomer in dark blue and the other in light
blue. The strands mediating dimerization are in yellow and red. Below the structure figure is
a schematic of the interactions (displayed by dotted lines) between the monomer in the dimer.
B, GRIP1-PDZ6 (Protein Data Bank code 1N7F) also forms a homodimer (dark and light
red). However, here the interactions are predominately provided by residues from β1, with
only additional few from the loop connecting α1 with β4. A schematic as in A is below the
structure. C, dimerization of Shank1 PDZ (Protein Data Bank code 1Q3P) also depends on
β1, with minor contribution from the loop connecting β2 and β3. A schematic as in A is below
the structure. D, overlay of the three dimers done by superpositioning one of the monomers in
each dimer (region used for superposition is boxed). Although the overall fold of the PDZ
domains is nearly identical, due to different dimerization motifs, the orientation of the molecule
completing the dimer is very different among the three homodimers.
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FIGURE 5. Binding of connexins to ZO PDZ2
The connexin-PDZ2 interface involves both the canonical PDZ interaction plus an interaction
supplied by more C-terminal residues in connexins. A, sequence alignment of approximately
20 C-terminal residues of human Cx40, Cx43, Cx45, and Cx47. Residues involved in the
canonical PDZ interaction are shaded gray. Pronounced homology is observed N-terminal to
this sequence, shaded black. B, a model of Cx43 binding to PDZ2. PDZ2 is represented as a
space-filling model, with one monomer in blue and the other in red. The most six terminal
residues of Cx43 (yellow coil and strand) were modeled based on the binding of peptide to the
ZO-1 PDZ1 domain. Note how the Cx43 chain is predicted to extend from one PDZ molecule
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to the next, where the conserved ASSR/K sequence could be important for providing additional
binding elements to the ZO-1 PDZ2 domain.
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TABLE 1
Data collection and refinement statistics
ZO-1 PDZ2
Data collection
  Space group C2
  Cell dimensions
    a, b, c (Å) 47.75, 33.61, 91.04
    α, β, γ (°) 90.0, 103.64, 90.0
  Resolution (Å) 20.0–1.70
  Rmerge
a (%) 8.3 (55.8)b
  I/σ I 10.8 (4.0)
  Completeness (%) 99.2 (99.8)
  Redundancy 4.4 (3.7)
Refinement
  Resolution (Å) 20.0–1.70
  No. of reflections (work/free) 14032/1552
  Rwork/Rfree(%) 20.9/25.8
  No. of atoms
    Protein 1199
    Water 103
  B-factors
    Protein main chain 23.0
    Protein side chain 26.2
    Water 42
  r.m.s.c deviations
    Bond lengths (Å) 0.013
    Bond angles (°) 1.492
  Ramachandran plot (%)
    Most allowed 96.6
    Additionally allowed 2.7
    Generously allowed 0.7
    Disallowed 0.0
a
The large size of the crystal enabled a low and high resolution sweep to be collected from a single crystal, exposing different surfaces.
b
Values in parentheses are for highest resolution shell.
c
r.m.s., root mean square.
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